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Abstract
A large number of people are suffering from cardiovascular disease and losing their lives because of it.
Atherosclerosis, a classic example of cardiovascular disease, is related to cytochrome p450 1B1 and other
molecules in the development of the disease. Educational materials for patients and students on this topic
are expected.
Advantage, role and effectiveness of three-dimensional (3D) animation as a communication tool in
biomedical science research and education have been proved. Therefore, 3D animation is a suitable medium
to create visual material for atherosclerosis and related subject.
Autodesk Maya 3D computer graphics software used for animation from modeling to animating and
rendering in the production of the animation. Especially for various forms and details of the molecules in
the animation, plugin, Molecular maya, was used in this project.
About 3 minutes length of the animation contains basic background knowledge and information of
atherosclerosis and molecular interactions in the development of mechanism of the disease.
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Introduction
With advances in science and technology, information complexity is increasing in biomedical research as
well. Research is evolving to answer the question of function, structure and development of its’ subject and
also their process, interaction and interrelation with the environment at the molecular and cellular level.
Disseminating complex information to patients and students is not only educators’ task but also medical
artists’.
Within this circumstance of developing biomedical sciences, effective methods of communicating medical
information to patients has already been studied (Jackson 1992).
In 2007, Keulers found that a computer-based education program could be used solely for patient education
without seeing doctors or nurses but still giving enough satisfaction to patients. This result also confirms
other studies that a computer-based education program helps patients retain information about their disease
and treatment (Lo et al. 2010, Huber et al. 2012).
Computer-assisted instruction has competed with traditional education materials in science education and
is replacing the traditional teaching tools. Thatcher (2006) revealed that the computer animation explaining
DNA replication was an effective tool for teaching medical students and reduced the need for textbooks.
In a study of long-term memory by O’Day (2007), animation effectively helped students retain information
on biology subjects for a relatively long period. That result has forwarded one more step for the value of
visual images in the science teaching than previous studies such as the study by Stith (2004), who reported
that animation had a more significant effect on students scores in tests of biological subjects.
Animation is an effective medium in medical and biological educations, however, there is a problem to
visualize the contents in the study fields.
In biological science disciplines, subjects at the micro-level are too small to distinguish with the naked eyes.
The images of subjects through a microscope are two-dimensional lacking three-dimensionality that helps
the viewers understand the spatial structures of the subjects. Three-dimensional (3D) modeling of the
subjects would give more information to the viewers to comprehend the structures (Huk 2006).
Hence, to take advantages of animation as education materials and overcome the problem, a 3D animation
is preferable.
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Compared to two-dimensional (2D) visual material, 3D animation was shown to increase patients’
knowledge of periodontal disease (Cleeren et al. 2014). Cornoiu et al. (2011) also agreed that 3D high
quality 3D computer animation contributed to patients’ understanding of their surgery and potential
complications.
This project aims to create a visual communication resource and education tool. A 3D animation, designed
for students and patients will help explain the mechanism and process of atherosclerosis, from introducing
common concepts of the disease to the molecules involved in the pathogenesis of the disease.
Atherosclerosis is not an unusual topic for visualization in 2D graphics and animation or 3D animation.
This topic, however, is a still challenge to understand for students who want to know the relationship
between the lesion and pathogenesis at the molecular level since the visual aids mostly have been limited
in the cellular level of their explanation.
The lack of patient education material related to this disease also gives value for creating this animation at
the molecular level. This topic may be too specific and specialized to understand, however, the background
of atherosclerosis in the animation can also be used as introductory material for the disease.

Scientific background
Cardiovascular disease is the leading cause of death cause in the United States for people regardless of their
races or ethnicities (Heron 2012). About 801,000 people died from cardiovascular diseases in 2013 and
about 85.6 million people suffer the diseases or side-effects of it (Mozzafarian et al. 2015).
Many cardiovascular diseases are related to atherosclerosis, a condition in which a fatty plaque called an
atheroma develops in the artery walls and interrupts the flow of blood to tissue. Atherosclerosis destroys
the balance of smooth muscle, elastic tissue and collagenous tissue in the artery walls and makes the artery
thick, stiff and hard, whereas a healthy artery is flexible and elastic. Untreated, it leads a heart attack or
stroke.
Our understanding of atherosclerosis has changed from lipid deposition to an inflammatory disease of the
arterial wall. As the inflammation within the artery wall has been recognized as an important mediator of
atherosclerosis, all molecular risk factors contributing to the inflammatory process such as high glucose
levels and plasma lipids concentration have been researched as well as non-molecular risk factors such as
hypertension, aging and smoking (Mannarino 2008).
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Cytochrome P450 1B1 (CYP 1B1), expressed in vascular smooth muscle cells (VSMC), is one isoforms of
the CYP1B1 superfamily of enzymes, which contribute to the synthesis of molecules such as cholesterol,
steroids and other fatty acids and the metabolism of medications and chemicals (Song et al. 2016, Lynch et
al. 2007).
The role of CYP 1B1 in the development of atherosclerotic aortic lesions and hypertension is critical. CYP
1B1 is proatherogenic rather than antiatherogenic in VSMC (Yaghini et al. 2010); once angiotensin II binds
to the receptor, cytosolic phospholipase A2 (cPLA2) is activated and releases arachidonic acid (AA). CYP
1B1 metabolizes the AA, and one or more of the metabolites stimulate the generation reactive oxygen
species (ROS) in the VSMC. The ROS leads differentiation of monocytes to macrophages in subendothelial
region in which the monocytes infiltrate through endothelium by the inducing of inflammation (Tan et al.
2016). Uptake of a large amount of lipids is initiated by the macrophages and subsequently these cells
transform to foam cells, which has foamy appearance by the lipids. This lipid-laden foam cells become a
component of fatty streaks, a base of initial atherosclerotic plaque, with other T lymphocytes. (Fan et al.
2003, Rognoni et al. 2015). In doing so, VSMC migrate from vascular media to vascular intima and form
a fibromuscular cap of the plaque with extracellular matrix (Fan et al. 2003, Storey et al. 2011). The fatty
streaks advance to atherosclerotic plaque, a distinctive feature of atherosclerosis (Rognoni et al. 2015). A
selective inhibitor of CYP 1B1 minimized atherosclerotic aortic lesions and associated pathogenesis, so it
could be the key factor for the drug development of atherosclerosis and hypertension (Song et al. 2016).
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Materials and Methods
1. Script & Storyboard
The animation was designed for 3 minutes and the script of the animation was written to fit that length (In
the final, the animation was modified to 2 minutes and 57 seconds). The length of the script was tested by
narration. To apply scientifically correct information, the science journals, which are on the subject of CYP
1B1 downloaded from PubMed (National Center for Biotechnology Information, U.S. National Library of
Medicine) were referenced. The script covers the general information of atherosclerosis and CYP 1B1 and
the relationship of both of the topics. The script can be found in Appendix 1.
The storyboard of the animation was sketched based on the script. The scenes of the storyboard included
the structure of CYP 1B1, mechanism of atherosclerosis at the molecular level, the role of CYP 1B1 and
other molecules related to atherosclerosis in sequence as playing the animation.
2. Modeling
Molecular model files of CYP 1B1, AA, cPLA2, NADPH (Nicotinamide Adenine Dinucleotide phosphate)
were downloaded from the RCSB Protein Data Bank (rcsb.org) for the modeling of molecular subjects
(Berman et al. 2000).
For modeling of CYP 1B1, Cinema 4D (C4D) R18 classroom version with the embedded Python Molecular
Viewer (ePMV) (http://epmv.scripps.edu/download-install-free) plugin and Autodesk Maya 2017 with
Molecular Maya (mMaya) (https://clarafi.com/tools/mmaya/) plugin of were used. The space-filling model
of CYP 1B1 was modeled and rendered in Cinema 4D while the ribbon and surface models were rendered
in Maya. For modeling of angiotensin II, angiotensin II receptor, cPLA2 and NADPH, Autodesk Maya
2017 with Molecular Maya was used and for modeling of AA, Cinema 4D with ePMV was used. All other
character modeling in the animation was 3D polygon modeling in Autodesk Maya 2017. Figure 1.
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Figure 1. A) Space-filling model of CYP 1B1 in Cinema 4D. B) Surface model of CYP 1B1 in Autodesk Maya.

3. Animation & Visual effects
In the introduction, the main character molecule, CYP 1B1, and the basic concepts of atherosclerosis were
introduced.
6

To show the outbreak point of atherosclerosis, blood flow was animated in a blood vessel polygon model.
To visualize the flow of blood components in the blood plasma, ‘Motion path’ and ‘nParticle’ tools were
used. Each particle emitter was attached to each motion path running through the blood vessel model and
each set of particle models was replaced with each blood component, erythrocyte, leukocyte, platelet, and
monocyte. To animate the blood flow of the multiplication of the models, the emission rate of each particle
attribute was individually modified. Figure 2.

Figure 2. Animation of blood flow including erythrocyte, leukocyte, platelet, and monocyte.

Infiltration of monocytes through the vascular smooth muscle cells and their differentiation to macrophage
were animated by each keyframe work. The uptake of lipid drops by macrophages was also animated by
the face keyframes of the macrophage polygon model. The selected faces of the polygon were extruded by
timeline to be animated. The motion time was tested in the time slider of Maya. Figure 3.
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Figure 3. A) Infiltration of monocyte through the vascular smooth muscle cells. B) Lipid uptake by macrophage.

‘Cluster’ and ‘nParticle’ tools were applied to show the deformation of Foam cells. After duplicating the
cell polygon model, the ‘Cluster’ option in the ‘Deform’ menu was applied to the cell polygon models to
allow the cluster to be animated by keyframes. The cell polygon model was selected as an emitter object
(Emit from object option) and emitter type was changed to ‘surface’. Particle and the cell polygon model
8

were selected for ‘goal’ then the max particle number was counted and set for the max. As particle render
type was changed to ‘blobby surface’, it became render-able to Foam cell deformed from macrophage.
Figure 4.

Figure 4. Expression of foam cell using ‘Cluster’ and ‘nParticle’.

Cell membrane was modeled as phospholipid bilayer with single a phospholipid polygon model. The
membrane then was bent by the ‘Bend’ option in the nonlinear deform menu to give a little bit of curve
form of the membrane. After that, ‘Sine’ option was applied, which allows the membrane moving along the
sine wave. By controlling the offset keyframe, the membrane curving animation was developed. Figure 5.
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Figure 5. Bending and waving the phospholipid bilayer using ‘Bend’ and ‘Sine” options in nonlinear deform menu.

4. Composite & Production
Annually the more and better quality of high-definition (HD) videos about health care are uploaded in social
media platform such as YoutubeTM (Toolabi 2019). Many medical informative videos in YoutubeTM are
useful sources for viewers on hypertension (Kumar 2014). As this animation was also designed for medical
education purpose through social media platforms , the size of final product was chosen at minimum HD
resolution and bitrate, 1280 X 720 pixels and 30 frames, as recommended in support.google.com
(https://support.google.com/youtube/answer/1722171?hl=en).
Mental ray plug-in was used to render all the images for this animation and the rendering work was
performed in Rochester Institute of Technology (RIT) render farm and also local personal computers.
Rendered images were collected in Adobe After Effects CC 2017 to be edited by the timeline of the script
at 1280 X 720 pixels and 30 frames per second. Titles and subscripts were added. Recorded audio file was
also added as a .wav file and edited by the scenes flow and shift. Figure 6.
The edited composition was encoded by Adobe Media Encoder CC 2017 to produce an MP4 file of the
animation.
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Figure 6. Composition of scenes for creating the animation.

Result
Total 2minutes and 57seconds length of 3D animation was created including 1) introducing of CYP 1B1,
2) development mechanism of atherosclerosis at the cellular level, 3) interactions of CYP 1B1and other
molecules related to the disease. Some images of the scenes are available in Appendix 2.

Discussion & Conclusion
This 3D animation was created for education of student and patient audiences. The animation explains the
overall process of atherosclerosis from the early development mechanism of atherosclerosis at the cellular
level to interaction of atherosclerosis-related molecules at the molecular level.
Compared to pre-existing examples for this subject, this animation introduced several exact 3D forms of
molecules for atherosclerosis using ball and stick, sphere, surface, and ribbon, to extend the subject to the
molecular level. This choice may give some audience challenge to understand the molecular process.
However, as this animation covers the full procedure of atherosclerosis development, simplified 3D
modeling of molecules has a risk to fail to transfer the accurate information to the audience.
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Iwasa (2010) discussed the importance of 3D physical models in the history of science, for example, the
double-helix of DNA by James Watson and Francis Crick which helped explain the ‘function’ of DNA from
the ‘structure’ (James Watson, Francis Crick, Maurice Wilkins, and Rosalind Franklin 2018), 3D models of
molecules include the information and knowledge about the molecules and their roles. Thus, visualization
of the accurate model forms is a reasonable way of communicating to the audiences. The role of CYP1B1
and other molecules in the development of atherosclerosis ins not fully understood. Even in this animation,
some molecules were replaced as simple figures, however as long as the 3D forms of the molecules are
understood, it’s better to show the forms to the audience than assigning the roles of molecules to simple
figures such as cylinders, boxes or spheres.
Compared to other molecules in the animation, the size of ROS is too small to be visualized even in the
molecular level scale. ROS is a commonly designated name of free radicals, which are involved in cell
signaling and can only be observed at the atomic level (An Introduction to Reactive Oxygen Species 2014).
To present ROS, the scene must be shifted to the atomic level. However, this animation already has the
scene shifting from the cellular level to the molecular level. Shifting the camera view from the molecular
level to atomic level and the other way around may confuse the audience to understand the scene change.
To keep the storytelling simple and as ROS is a key subject to explain the process of atherosclerosis, it was
expressed as particles to be rendered and visualized in the animation. To visualize the ROS, ‘nParticle’ tool
was used.
Autodesk Maya was used for special effects such as ‘nParticle’ as mentioned above. Autodesk Maya is a
widely used software package for 3D visualization. It’s been used mostly for entertainment industry such
as animations, movies and TV shows. Now as demanding of 3D animation for biomedical research, the
utilization of the software for 3D molecular animation with aid of the plugin, Molecular Maya (mMaya), is
increasing. Molecular Maya (https://clarafi.com/tools/mmaya/) is a useful free plugin for utilizing
molecules in 3D animations. Especially it helps the artist to save time of modeling molecules and gives
details to the modeling, which was a value in this animation different from other pre-existing visual
materials on the same subject.
In this animation, Cinema 4D was also used for the space-filling model and rendering of CYP 1B1, which
superiorly was applied in the modeling and rendering of the molecule model. One to one comparison of the
two softwares, Autodesk Maya with mMaya and Cinema4D with ePMV, is not appropriate in this animation
on the only one modeling example. However, ePMV (http://epmv.scripps.edu/download-install-free) is
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considerable factor for 3D molecular graphics, since ePMV helps in the aspects of easy modeling and fast
rendering for 3D molecular graphic works (Johnson 2011).
Although detailed 3D modeling has a scientific advantage in accurately conveying information, it has a
disadvantage due to the excessive rendering time for the creation of animation. Detail is one of the key
aspects of medical artwork, however, this can sacrifice the efficiency in the art piece production. Animation
production is generally time-consuming work and the creator usually is working on a limited timeline. Thus,
balancing between the detail and efficiency in artwork, especially in 3D animation production, must be
designed carefully.
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Appendix 1. Script of the animation
Cytochrome P450 1B1 is one of the isoforms of Cytochrome P450 superfamily of enzyme, expressed
primarily in vascular smooth muscle cells.
By the research team in University of Tennessee Health Science Center, the contribution mechanism of
CYP 1B1 to the development of atherosclerosis has been studying and revealing.
This video will introduce the overview of the role of CYP 1B1 in the development of atherosclerosis.

Atherosclerosis is a condition that artery becomes thick, stiff and harden while healthy artery is flexible and
elastic.
Exceed lipid drops in plasma is one of the high-risk factors of the atherosclerosis.
Once the arterial wall is damaged by the exceed lipids, it activates endothelium and triggers inflammatory
reaction.
Activated endothelial cells assemble immunocytes.
In the region of vascular smooth muscle cells and monocytes produce chemokines and reactive oxygen
species, which induces differentiation of monocyte to macrophages.
Macrophages digest the lipids and are changed into Foam cells, which is dead macrophages filled with
lipids.
These Foam cells secret cytokines and collect more immunocytes, which cause more inflammation in the
endothelium.
As this inflammation continues, the size of lesion increases and becomes plaque, which blocks the arteries.

These actions are mediated in vascular smooth muscle cell by Angiotensin II.
Angiotensin II is an oligopeptide hormone modulating the migration, proliferation and hypertrophy of
vascular smooth muscle cell.
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Once angiotensin II binds to the receptor, it activates cytosolic phospholipase A2, which releases
arachidonic acid.
CYP 1B1 can metabolize arachidonic acid into several products.
One or more metabolites of arachidonic acid stimulate NADPH oxidase, a membrane-bound enzyme
complex, producing reactive oxygen species.
Reactive oxygen species through CYP 1B1 stimulate vascular smooth muscle cell and promote the
development of atherosclerosis.
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Appendix 2. Scenes of the animation
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